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THE PURPOSES O F  ENVIRONMENTAL TESTING 
FOR SCIENTIFIC SATELLITES 

1 -  

INTRODUCTION 

R e l i a b i l i t y  is an a t t r i b u t e  of a device which cannot be 
d i r e c t l y  measured. 
introduce the concepts of p robab i l i t y  and de f ine  r e l i a b i l i t y  
as  : 

I n  t r ea t ing  r e l i a b i l i t y  numerically we 

"The p robab i l i t y  of a successfu l  operat ion 
of the device i n  t h e  manner intended and 
under the condi t ions of intended customer 
use. I' 

1 

T h i s  def,nit ion (and many s i m i l a r  ones) leaves  a l a rge  nuniber 
of open questions.  These l i e  c h i e f l y  i n  determining the 
requi red  l e v e l  of "probabi l i ty"  and i n  de f in ing  c r i te r ia  f o r  
'I success" , 

The required l e v e l  f o r  the r e l i a b i l i t y  of a satel l i te  
is  a funct ion of i t s  mission, The following paper w i l l  be 
d i r ec t ed  toward an exposi t ion of t he  r e l i a b i l i t y  and 
environmental t e s t i n g  problems as they apply t o  s c i e n t i f i c  
satell i tes as d is t inguished  from those spacecraft used f o r  
manned space- f l igh t  o r  f o r  mi l i t a ry  purposes. I n  general ,  
the manned and m i l i t a r y  missions r equ i r e  a considerably 
higher  degree of r e l i a b i l i t y  than does the s c i e n t i f i c  one. 
U n r e l i a b i l i t y  i n  a s c i e n t i f i c  s a t e l l i t e  i m p l i e s  l o s s  of 
data,  i n  a manned s a t e l l i t e  loss of l i fe ,  i n  a m i l i t a r y  
sa te l l i t e  r i s k  t o  the na t ion ' s  defense posture .  On the o the r  
hand, the scientific s a t e l l i t e  is usua l ly  more complex, is  
developed i n  a short period of t i m e ,  and c a r r i e s  instrumenta- 
t i o n  a t  the h ighes t  l e v e l s  of the state-of-the-art .  The 
problems of r e l i a b i l i t y  assessment a r e  the re fo re  of comparable 
d i f f i c u l t y  f o r  a l l  three ca tegor ies  b u t  are approached from 
s l i g h t l y  d i f f e r i n g  po in t s  of view. 

Lloyd, D. K. and Lipow, Mi, R e l i a b i l i t y :  Management, Methods 
and Mathematics, (Prentice-Hall: Englewood C l i f f s ,  New 
Jersey ,  1962), Page 20. 
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The s c i e n t i f i c  s a t e l l i t e  has a s  i t s  object ive the making 
of fundamental measurements which cannot be made from ea r th .  
I n  some cases ,  these measurements must  be made i n - s i t u ;  i n  
o the r s ,  we must  raise our instruments above the  d i s t o r t i n g  
e f f e c t s  of the e a r t h ' s  atmosphere, magnetic f i e l d ,  and 
ionosphere. A given s a t e l l i t e  usual ly  c a r r i e s  a set of 
experiments a l l  intended t o  make simultaneous measurements 
of i n t e r e s t  i n  a given d i sc ip l ine .  W e  have Explorer V I 1 1  
making direct measurements of the ionosphere, Explorer X I  
o r b i t i n g  a gamma r a y  te lescope,  Explorer X I 1  measuring 
ene rge t i c  p a r t i c l e s ,  and the  Orbiting Solar Observatory 
measuring electromagnetic r ad ia t ion  from the sun a s  examples. 
A l i s t i n g  of s a t e l l i t e s  and space probes launched by the  
Goddard Space F l i g h t  Center (GSFC) a s  of December 1962 i s  
at tached.  

I n  broader t e r m s ,  D r ,  Robert Jastrow has summarized 
the  i n t e n t  of NASA's s c i e n t i f i c  inves t iga t ions  i n  space 
a s  follows: 

"Although they involve many questions i n  
physical  science,  nonetheless most of t he  
matters  under inves t iga t ion  by space 
f l i g h t  vehic les  may be grouped around 
a r e l a t i v e l y  small number of c e n t r a l  
problems: 

F i r s t ,  problems r e l a t i n g  t o  the s t r u c t u r e s  
of s t a r s  and galaxies:  s t e l l a r  evolut ion,  
nucleosynthesis,  the cosmic abundances of 
the  elements. 

Second, the  o r i g i n  and evolut ion of the  
s o l a r  system, the  formation of t he  sun and 
p l ane t s ,  and the  subsequent h i s t o r y  of 
t he  p lane tary  bodies. 

Third, the con t ro l  exercised by the  sun 
over t he  atmosphere of t he  ea r th ,  t he  
s t r u c t u r e  of the  upper atmosphere, and 
t h e  causes of weather a c t i v i t y  i n  t he  lower 
atmosphere. 11 2 

~ 

Proceedings of the  NASA-University Conference on the  
Science and Technology of Space Exploration, Nov, 1-3, 1962, 
(Chicago, I l l i n o i s ) ,  Volume I. 
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The l e v e l  of r e l i a b i l i t y  which should be required of a 
s a t e l l i t e  whose purpose i s  t o  gather da t a  appl icable  t o  
these fundamental problems is a d i f f i c u l t  one t o  set. I n  
the t e r m s  of usua l  t i m e  s c a l e  fo r  t h e  evolu t ion  of new 
s c i e n t i f i c  theory from bas i c  da ta ,  the s c i e n t i s t  is not 
p a r t i c u l a r l y  in t e re s t ed  i n  whether the data comes from 
today ' s  launching o r  t he  launching of  the back-up f l i g h t  
u n i t  a f e w  months hence. (Favorable p l ane ta ry  o r b i t a l  
conjunct ions are an obvious r e s t r i c t i o n  on this  freedom i n  
t i m e .  However, the "launch window" i s  o f t e n  s u f f i c i e n t l y  
long t o  provide f o r  a second launching.) The circumstance 
of a back-up u n i t  then g ives  an impression tha t  a l l  we 
r equ i r e  is a reasonably high p robab i l i t y  tha t  a t  least  one 
of t w o  u n i t s  should be successful.  

Another problem arises when we consider  the quest ion 
of w h a t  c o n s t i t u t e s  success. Since we are f l y i n g  perhaps 
f i v e  experiments on even a small s a t e l l i t e ,  we do not  
r equ i r e  tha t  a l l  work perfectly before  c a l l i n g  the sho t  a 
success. Furthermore, the required du ra t ion  for acceptable  
opera t ion  should be defined. For some satell i tes,  t ransmission 
of d a t a  f o r  a f e w  orbits might su f f i ce .  
t o  determine expected ranges of the measured parameters , 
months may be needed. 

For o the r s  which hope 

On the basis of s c i e n t i f i c  cons idera t ions  alone 
assignment of r e l i a b i l i t y  requirements i s  impossible. 
R e l i a b i l i t y  i s  fundamentally a r a t i o .  
r i s k  aga ins t  investment. Tradi t iona l ly ,  s c i e n t i f i c  
i nves t iga t ion  has been concerned w i t h  the ga ther ing  of 
accura te  data, subjec t ing  it t o  r igorous  ana lys i s ,  f i t t i n g  it 
t o  t h e o r e t i c a l  hypotheses and subsequently ga ther ing  fu r the r  
independent da t a  f o r  v e r i f i c a t i o n  of the r e s u l t s .  Employing 
satel l i tes  as a s c i e n t i f i c  t oo l  has changed one f ac to r  i n  
tws process  markedly: the cos t  of making the experiment. 
Expensive t o o l s  have been used  before:  e. g. the cyclotron. 
However , the "one-shot" na ture  of the sa t e l l i t e  experiment i s  
probably pa ra l l e l ed  only by the inves t iga t ions  of the effects 
of atomic explosions. 

It  is used t o  weigh 

- -  

By introducing c o s t  considerat ions,  we begin t o  have a 
b a s i s  fo r  s t a t i n g  the  s a t e l l i t e  r e l i a b i l i t y  problem. A 
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l e v e l  of performance must be obtained which balances the  
high c o s t s  of an ind iv idua l  f i r i n g  a g a i n s t  the need for 
obtaining t imely accura te  da t a  with a package of minimum 
weight containing exotic instrumentation. 

Typical s c i e n t i f i c  satellite costs are given b e l o w :  

TABLE I * 
Spacecraf t  V e h i c l e  

Sa te l l i t e  Vehicle cost cost 

I n t e r n a t i o n a l  11 Scout M$ 1.3 M$ 1.0 

Explorer X I 1  D e l t a  2.7 2.5 

POGO Thor-Agena 11.5 6.5 

Advanced OS0 A t l a s - A g e n a  17.0 8.3 

* These numerical values  are est imates  and must no t  be 
taken a s  a u t h o r i t a t i v e .  

By tak ing  t h e  t o t a l  d o l l a r s  budgeted and the t o t a l  
weight of satel l i tes  i n  o rb i t ,  one may de r ive  a n  e s t i m a t e  
of $50,000 per  pound f o r  a l l  e f f o r t s  t o  date.3 
c l e a r  then that  one cannot be promiscuous i n  launching 
unproven designs. 

I t  is  

A TYPICAL SCIENTIFIC SATELLITE - EXPLORER X I 1  

Before proceeding f u r t h e r  with a d i scuss ion  of 
r e l i a b i l i t y ,  a b r i e f  exposit ion of a t y p i c a l  s a t e l l i t e ' s  
make-up is  i n  order.  Explorer X I 1  launched on August 15, 1961, 
has  been chosen as an example. A s  descr ibed i n  the at tached 
summary, it carried some f ive experiments and provided 2568 
hours of real-t ime d a t a  before it ceased t ransmit t ing.  .. 

Figure 1 i s  a p i c t u r e  of  Explorer X I I .  Figure 2 shows  
a block diagram of the system. A w e i g h t  breakdown by 
func t ion  i s  as  follows: 

New, J. C. Achievinq S a t e l l i t e  R e l i a b i l i t y  Throuqh 
Environmental T e s t s ,  (Proceedings of the  I n s t i t u t e  of 
Environmental Sciences) A p r i l  1963 - ( t o  be publ ished) .  

3 
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TABLE I1 

P e r  Cent of 
Weiqht (ms. ) Total  Weiqht 

STRUCTURE 22.5 27.0 

TELEMETRY 5.5 6.6 

POWER SUPPLY 21.7 26.0 

INTERFACE HARDWARE 6.0 7.2 

EXPERIMENTS 27.5 33.0 

TOTAL 83.2 99.8 

T h i s  basic satel l i te  w i t h  d i f f e r e n t  experiments was a l s o  
success fu l ly  flown as Explorers X I V  and XV. 

From a r e l i a b i l i t y  po in t  of view there is nothing 
s t r i k i n g  thus far. W e  have an e l e c t r o n i c s  package weighing 
l i t t l e  m o r e  than a typical t e l ev i s ion  set. However ,  looking 
m o r e  c lo se ly ,  we f i n d  an  impressive number of e l e c t r o n i c  pa r t s .  

TABLE I11 

Capacitors (Fixed) 

Capacitors (Variable) 

Diodes 

Resistors (Fixed) 

Resistors (Variable) 

T rans i s to r s  

Connectors 

Inductors  

Transformers 

Crys ta l s  

Switches 

Solar C e l l s  

TOTAL 

1 , 1 2 1  

9 

813 

2,633 

11 

1,063 

70 

93 

43 

2 

10 

6,144 

1 2  # 002 
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One may take fo r  granted t h a t  these p a r t s  a r e  taxed a s  
heavi ly  as  the  designers  dare  i n  an e f f o r t  both t o  m i n i m i z e  
weight and perform sophis t icated tasks .  

MATHEMATICAL MODELS 

4 Lloyd and Lipow discuss  the  establishment of mathematical 
models of physical  systems wherein the  r e l i a b i l i t y  of each 
func t ion  Of tke  system can be estimated f o r  a po in t  i n  t i m e .  
This type of model can be extended t o  cover the  p r o b a b i l i t y  of 
successfu l  operat ion as a function of t i m e .  The r e l i a b i l i t y  
assessment of the Mariner spacecraf t  by the  Planning Research 
Corporation is  a good example of t h i s  technique. 5 

After  the  model i s  establ ished,  empir ical  data  f o r  t he  
expected performance of the individual p a r t s  (under predicted 
e l e c t r i c a l  and "environmental" s t r e s s e s )  a r e  inser ted .  These 
d a t a  a r e  almost always i n  terms of f a i l u r e  r a t e s  a s  defined 
fo r  an exponential  d i s t r ibu t ion .  6 By s u i t a b l e  combination of 
these r a t e s ,  one may der ive  the expected "mean t i m e  between 
f a i l u r e s "  fo r  t h e  complete system. Table I V  gives  such 
predic t ions  f o r  the  Explorer X I 1  spacecraf t .  

There i s  a fundamental d i f f i c u l t y  i n  employing t h e  
output  of the mathematical model of a s a t e l l i t e :  the  
a p p l i c a b i l i t y  of the  empirical da t a  used. Because of the  
rap id  pace of e l e c t r o n i c  p a r t  development, the  l a rge  
sample s i zes ,  uniform populations and s t a t i s t i c a l  product 
q u a l i t y  control ,  which must  form the b a s i s  fo r  p a r t  performance 
p red ic t ion ,  do not apply. O r  a s  I heard it s t a t e d  r ecen t ly ;  
"The model is  good: i f  only we had some decent p a r t  data" .  
NASA i s  now beginning t o  t r y  t o  assemble a "prefer red  p a r t s  
l ist" fo r  space appl ica t ions .  However, it is  very d i f f i c u l t  
t o  t e l l  the  designer t h a t  he must wait  months f o r  q u a l i f i c a t i o n  
t e s t i n g  when a supp l i e r  markets a new high performance device. ..- 

Lloyd & Lipow, Op. C i t .  Chapter 9. 

Planning Research Corporation, R e l i a b i l i t y  Assessment of 
t he  Mariner Spacecraft ,  December 1 7 ,  1962. PRC R-293 

Lloyd & Lipow, Op. C i t .  Page 137. 

4 

5 

6 
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TABLE I V  

S a t e l l i t e  Subassembly 

Over Voltage Regulator 

Current Monitor 

Bat te ry  "A" & "B" 

Recycle T i m e r  

Command Program S w i t c h  
( e s s e n t i a l  components) 

Command Program Switch 
( a l l  components) 

Regulator Converter 

Encoder Converter 

D i g i t a l  Osc i l l a to r  1 
( o p t i c a l  aspec t )  

D i g i t a l  Osc i l l a to r  2 
(cosmic ray)  

D i g i t a l  Osc i l l a to r  3 
(cosmic ray)  

D i g i t a l  Osc i l l a to r  4 ( S . U . I . )  

Analog Osc i l l a to r  1 (Ames) 

Analog Osc i l l a to r  2 (I&E) 

Amlcg Osc i l l a to r  3 

Analog Osc i l l a to r  4 

Analog Osc i l l a to r  5 

Transmitter 

(Magnetometer) 

(Performance Parameters) 

(Performance Parameters) 

Mean T i m e  Between Fa i lu re s  
0.085 x 10 6 hrs. 

0.16 x 10 6 hrs. 

2.5 x 10 6 hrs. 

0.051 x 10 6 hrs. 

0.12 x 10 6 hrs. 

0.061 x 10 6 hrs. 

6 

6 

6 

0.012 x 10 hrs. 

0.044 x 10 hrs. 

0.030 x 10 hrs. 

0.033 x 10 6 hrs. 

0.022 x 10 6 hrs .  

0.031 x 10 6 hrs, 

0.046 x 1 0  6 hrs. 

0.045 x 10 6 hrs. 

0.046 x 10 6 hrs. 

6 0.020 x 10 hrs. 

0.016 x 10 6 hrs. 

6 0.030 x 10 hrs. 
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A t  p re sen t  then ,  t he  mathematical p red ic t ion  i s  only 
ind ica t ive .  The  i n t e n t  i n  s e t t i n g  up a m o d e l  of a s a t e l l i t e  
system i s  t o  h igh l igh t  those elements of the assembly which 
have the g r e a t e s t  impact on s y s t e m  performance r a the r  than 
t o  make accura te  quan t i t a t ive  pred ic t ions .  

TESTING PHILOSOPHY 

Satell i tes are not only "one-shot" , they are v i r t u a l l y  
"one of a kind". Usually a prototype, a f l i g h t  u n i t  and a 
back-up f l i g h t  u n i t  are the only complete assemblies that 
are made. Thus, t h e  va r i a t ions  between indiv idua l  elements 
and the unpredictable  in t e rac t ions  and dependencies w h i c h  
are the cu r se  of accura te  m a t h e m a t i c a l  ana lys i s  tend t o  
dominate the  problem, One cannot, t he re fo re ,  predict f l i g h t  
u n i t  performance on a s ta t i s t ica l  b a s i s  from the r e s u l t s  
of previous t e s t ing .  I n  this s i t u a t i o n ,  r igorous t e s t i n g  of 
the a c t u a l  u n i t s  t o  be flown becomes a necessi ty .  

The purpose of environmental t e s t i n g  i n  a s a t e l l i t e  
program is t o  e s t a b l i s h  the  s u i t a b i l i t y  f o r  f l i g h t  of a 
given " f l i g h t  un i t " .  Hereafter,  we w i l l  d e a l  almost e n t i r e l y  
w i t h  systems tests. Subassembly t e s t i n g  under environmental 
stresses more severe than those expected i n  ac tua l  use i s  
presupposed. It m u s t  be noted at this  po in t  t h a t  the 
d i f f i c u l t y  of conducting adequate subassembly tests of 
complicated new devices  on the t i m e  scale of the typical 
sa te l l i t e  development program is  f requent ly  overwhelming. 
This r e s u l t s  i n  the presence i n  e a r l y  systems tests of 
subsystems which may never have experienced environmental 
exposures. T h i s  i s  p a r t i c u l a r l y  t r u e  of the experiments 
themselves. 

- -  

The emphasis on systems t e s t i n g  is  sound on a 
s t a t i s t i c a l  basis a s  pointed ou t  by Lloyd and Lipow i n  
their  d iscuss ion  of experimentation and t e s t ing .7  There 
i s  one po in t ,  however, which the authors  do not  d i scuss .  
T h i s  i s  the fact  t h a t  i n  tests of a complete system, no 
information is  generated a s  t o  the inpu t  and output  
s e n s i t i v i t i e s  of ind iv idua l  subassemblies. A marginal 
condi t ion  may exis t  and remain undetected. Subassembly 
t e s t i n g  must cover t h i s  problem. 

Ibid. ,  Pages 350 & 371. 
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SYSTEMS TEST OBJECTIVES 

The systems test program f o r  a s a t e l l i t e  has s i x  goals :  

(1) Ver i f i ca t ion  t h a t  novel or  unproven designs 
m e e t  performance requirements and have a 
s a t i s  f ac  t o r y  l i f e  expec taney. 

(2 )  Ver i f i ca t ion  t h a t  p a r t i c u l a r  samples of 
prev ious ly  employed hardware are s u i t a b l e  
i n  a new appl ica t ion .  

( 3 )  Elimination of defects i n  design, ma te r i a l  
o r  workmanship ( i 6  e. f ind ing  the weak 
l i n k s  i n  the chain) .  

(4)  Discovery of unexpected in t e rac t ions  
between subassemblies when the system 
i s  exposed t o  environmental stress. 

(5 )  Training of personnel who w i l l  be 
respons ib le  f o r  the s a t e l l i t e  a t  the 
launching s i t e  and those who w i l l  be 
respons ib le  f o r  da t a  reduct ion and 
ana lys i s .  

( 6 )  Generation of information which w i l l  
se rve  as a guide i n  making new designs 
and i n  assessing their  r e l i a b i l i t y .  

( W e  a r e  careful  t o  avoid pretending t h a t  we  i n  any way measure 
the r e l i a b i l i t y  of the satel l i te , )  

I n  attempting t o  reach the goa ls ,  despite the  l imi t a t ions ,  
one must formulate a model of the f a i l u r e  p a t t e r n  which we 
might expect t o  encounter. The tes t  philosophy i s  then based 
on th i s  concept, Bur somewhat l i m i t e d  experience suggests  
that  s a t e l l i t e  f a i l u r e s  f a l l  i n t o  four ca tegor ies :  

C' 

(1) Early f a i l u r e s  caused by a major design 
weakness. 

( 2 )  Ear ly  f a i l u r e s  r e s u l t i n g  from de fec t s  i n  
material o r  workmanship, 
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( 3 )  Random f a i l u r e s  whose frequency of 
occurrence i s  a funct ion of design and 
q u a l i t y  cont ro l .  

(4)  Wear-out f a i lu re s .  

Figure 3 i l l u s t r a t e s  this p a t t e r n  which i s  a l s o  
discussed by Lloyd and Lipow a s  being applicable t o  rocke t  
engines.889 

The systems test program is directed c h i e f l y  a t  
e l imina t ing  those f a i l u r e s  which arise from the f irst  two 
causes. Although some ins igh t  i s  gained during the program 
i n t o  the p a t t e r n  of random f a i l u r e  w h i c h  may be expected, 
mathematical r e l i a b i l i t y  ana lys i s  (desp i t e  i ts  weaknesses) 
is  probably the  best guide t o  expected performance a f t e r  
i n f a n t  mor t a l i t y  has been accounted fo r .  
exposure t o  mechanical environments i s  o f t en  covered i n  the  
test  program. Wear-out caused by o the r  f a c t o r s  such as 
sur face  d e t e r i o r a t i o n  under high vacuum is  usua l ly  best 
attacked a t  a ma te r i a l s ,  component o r  subassembly l e v e l  
because of the extreme c o s t  of conducting extended systems 
tests. 

Wear-out caused by 

DESIGN QUALIFICATION (PROTOTYPE) TESTS 

I n  a given satel l i te  development program there may o r  
may not  be an  e l e c t r o n i c  "bread board" of t h e  complete 
system. I n  any case, the prototype i s  almost i nva r i ab ly  
the  first u n i t  i n  which t h e  subassemblies appear together  
i n  their near f i n a l  configurat ion and packaged i n  their 
proper r e l a t ionsh ip  i n  the f i n a l  s t ruc tu re .  As ind ica ted  
i n  Figure 3 ,  many problems may be expected i n  the in t eg ra t ion  
of the subassemblies i n t o  the  prototype before  producing a 
"working" satell i te.  A t  some po in t  i n  the in t eg ra t ion  of 
t he  prototype,  t he  pu r su i t  of pe r fec t ion  i n  "bench" 
performance must be discarded i n  favor of the study of the 
des ign ' s  performanee i n  t h e  face of t h e  environmental r i g o r s  
w h i c h  it w i l l  encounter i n  the prelaunch, launch and 
space f l i g h t  phases of i t s  l i fe .  This i s  a conscious dec i s ion  
on t h e  par t  of t h e  p r o j e c t  manager. 

Ib id . ,  Page 416. 

It should be noted t h a t  t h i s  f a i l u r e  p a t t e r n  has been a t tacked  
as unsupported by da ta  by many authors.  e.g. C u t h i l l ,  R. W., 
The R e l i a b i l i t y  Concept and Its Relat ionship t o  Petformance. 
American Management Association Report. 

9 
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T e s t s  of the prototype s y s t e m  are directed toward the 
q u a l i f i c a t i o n  of a design. It is  i n  th i s  series of tests 
t h a t  f a i l u r e s  i n  the f irst  category (major design weaknesses) 
should be eliminated. I n  attempting des ign-qual i f ica t ion  
w i t h  one sample, one must break with many t r a d i t i o n a l  
environmental test  concepts. Overtest ing is  a necess i ty ,  
b u t  because of weight l imi t a t ions ,  designs cannot be 
expected t o  have too  g r e a t  a margin.1° 
seve ra l  environments becomes a near imposs ib i l i t y  on the  t i m e  
s c a l e  of a typ ica l  program. In the f ace  of these problems, 
prototype test  l e v e l s  a r e  usua l ly  established a t  w h a t  one 
might consider  the 99% probab i l i t y  l eve l ,  T h a t  is ,  there 
should be no more than one chance i n  a hundred t h a t  t he  
f l i g h t  u n i t  w i l l  experience an environment more severe than 
t h a t  employed i n  prototype t e s t ing .  The d i f f i c u l t i e s  i n  
s e t t i n g  a 99% l e v e l  i n  a f i e l d  as new as space f l i g h t  a r e  
self-evident :  adequate da t a  usua l ly  does not  exist. 

T e s t  t o  f a i l u r e  i n  

FLIGHT U N I T  TESTING 

Tests of the f l i g h t  un i t s  are d i r ec t ed  toward the 
acceptance of a p a r t i c u l a r  system f o r  f l i g h t .  Because only  
one prototype has been qua l i f i ed ,  v i r t u a l l y  no information 
is  ava i l ab le  on the va r i a t ion  w h i c h  may be expected from 
u n i t  t o  u n i t  of the same design. 
is  intended then t o  discover  f a i l u r e s  i n  t h e  second category: 
defects i n  material o r  workmanship. The exposure of f l i g h t  
hardware t o  severe environments i s  f requent ly  attacked as 
tending t o  d e t r a c t  from its usefu l  l i fe .  However, t h e  
purpose of the tests i s  va l id ,  and they must be run. The key 
t o  the problem l ies i n  the durat ion of the prototype tests. 
They must be long enough t o  give reasonable assurance tha t  
the  design can survive bo th  the environments imposed i n  
acceptance t e s t i n g  of t h e  f l i g h t  u n i t s  and those encountered 
i n  a c t u a l  launching and f l i g h t ,  I n  the Pioneer V Program, 
f o r  example, the prototype was subjected t o  its v ib ra t ion  
schedule t e n  t i m e s  t o  ga in  s u c h  assurance. T e s t  l e v e l s  for 
t h e  f l i g h t  u n i t s  are usua l ly  set a t  the 95% probab i l i t y  l eve l .  
T h a t  is, there i s  one chance i n  twenty t h a t  they w i l l  be 
exceeded when the a c t u a l  launching takes place. 

lo One must a l s o  be aware of another t r a p  i n  over-specifying 
environments. For example: i f  a design temperature i s  
set  a r b i t r a r i l y  high, you may fo rce  the use of l o w  ga in  
s i l i c o n  t r a n s i s t o r s  when h a l f  as many germanium t r a n s i s t o r s  
might have done the job. H e r e  r e l i a b i l i t y  may have been 
decreased r a t h e r  than enhanced. 

Test ing of the f l i g h t  u n i t  
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TEST LEVELS 

Seve r i ty  of applied environments has been set  a t  the 99% 
l e v e l  for q u a l i f i c a t i o n  t e s t ing  and the 95% l e v e l  f o r  
acceptance t e s t ing .  I n  view of the pauci ty  of the ava i l ab le  
da t a ,  one can hard ly  j u s t i f y  thinking of these l e v e l s  i n  
s t a t i s t i c a l  t e r m s  w i t h  ca re fu l ly  computed standard dev ia t ions  
and l e v e l s  of confidence. Instead,  the 95% l e v e l  is  usua l ly  
taken t o  imply a condi t ion  w h i c h  i s  supported by the m o s t  
severe  va l id  d a t a  which has been obtained. The 99% l e v e l  is 
then  set a t  an assumed mean value p lus  one and one ha l f  t i m e s  
the d i f f e rence  between the mean and the  95% leve l .  This 
procedure is approximately co r rec t  mathematically f o r  a 
normally d i s t r i b u t e d  var iab le .  11 

THE TEST PLAN 

Environmental t e s t i n g  of a s a t e l l i t e  system is an i n t e g r a l  
par t  of the development cycle.  
pre-planned t o  assure  that a l l  f a c t o r s  of importance i n  a 
given program w i l l  be given proper considerat ion.  Because 
environmental tests c o m e  j u s t  before  launch, the time ava i l ab le  
f o r  t h e m  i nev i t ab ly  shr inks  as unexpected problems cause 
development program s l ippage  while launching schedules remain 
inflexible.  I n  this  s i tua t ion ,  a va l id  and comprehensive tes t  
p l an  approved and d i r ec t ed  by management is a necess i ty  t o  
prevent  e r r o r s  and omissions during the  d r i v e  t o  g e t  acceptable 
f l i g h t  un i t s .  Corners w i l l  be c u t  un less  a c l e a r l y  def ined 
program has previously been establ ished.  

As such it must be c a r e f u l l y  

A tes t  p l an  must f i r s t  include the procedures by which 
the performance of the system under test  is  t o  be evaiuated. 
I n  practice, there a r e  usual ly  three l eve l s  of such check-out. 
F i r s t ,  there is  what might be termed an " in - l ine  systems check". 
( In- l ine  systems are r igorously def ined a s  those whose ind iv idua l  
f a i l u r e  would cause failures o f  t he  whole system. I n  practice, 
the  t e r m  is  usua l ly  appl ied  to  the power supply, encoding, 
te lemetry and command rece iver  systems. ) Such a check-out 

l1 The 95% po in t  of a cumulative normal is  a t  1.65-. 
1.5 x l.65-= 2 . 4 7 e .  This i s  the 99.3% point .  

Then 
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procedure might be used, f o r  example, during a v ib ra t ion  
exposure. While su rv iva l  of v ibra t ion  is  f r equen t ly  a l l  
t h a t  i s  required,  anomalies i n  performance as ind ica ted  
by  an  in- l ine  cheek made during v ib ra t ion  may be ind ica t ive  
of marginal condi t ions.  Second, there is  the "experiment 
exercise check". T h i s  procedure checks no t  only t h e  in- l ine  
systems b u t  a l s o  r equ i r e s  t h a t  the experiments be excited 
i n  s o m e  manner w h i c h  causes t h e i r  ind ica ted  output  t o  leave 
the base l ine ,  T h i s  check m i g h t  be used a t  some intermediate  
po in t  i n  a v ib ra t ion  t e s t  during one of t h e  many changes i n  
set-up usua l ly  involved. Third, there i s  the " in tegra ted  
systems test" during which experiments a r e  not only exercised 
b u t  a l s o  ca l ib ra t ed .  T h i s  check is  required before  and after 
a l l  major environmental conditionings.  

The bulk of a test p lan  is devoted t o  t h e  expos i t ion  of 
detailed procedures fo r  t h e  appl ica t ion  of environmental 
condi t ioning t o  the pa r t i cu la r  s a t e l l i t e  i n  question. While 
genera l  spec i f i ca t ions  serve a s  a guide, they  cannot be 
appl ied indiscr iminately.  l2 
depend on the weight of t h e  s a t e l l i t e ;  and the manner of 
s imulat ing the t h e r m a l  environment i n  space depends upon t h e  
detailed techniques employed i n  the sa t e l l i t e  f o r  temperature 
con t ro l .  I n  e s t ab l i sh ing  the  proper procedures f o r  environmental 
test, a thorough knowledge of the s a t e l l i t e ,  t he  environment 
and the  capabili t ies of the t e s t  equipment must be ava i l ab le ,  
Improper t es t  technique can lead t o  either t h e  acceptance 
of an unsui tab le  system or the over-design of the system t o  
pass  an u n r e a l i s t i c  test. 

For example, acce le ra t ion  l e v e l s  

A f i n a l  po r t ion  of the  t es t  p l an  i s  devoted t o  the 
cr i ter ia  f o r  "passing" a test, w h a t  procedures a r e  t o  be 
followed i n  the event  of c e r t a i n  c l a s s e s  of f a i l u r e s ,  and 
the  manner i n  w h i c h  f a i l u r e s  a re  t o  be reported.  The f a i l u r e  
report system is usua l ly  p a r t  of a po l i cy  which t ransends a 
p a r t i c u l a r  test program. However, the t e s t  p l an  must a s su re  
t h a t  t h i s  procedure i s  followed t o  permit the u t i l i z a t i o n  of 
ob jec t  lessons  pa in fu l ly  learned today i n  the  design of fu tu re  
s a t e l l i t e s .  

e.g. General Environmental T e s t  Spec i f i ca t ion  f o r  Del ta  
Launched Spacecraft, Goddard Space F l i g h t  Center, 
Prel iminary Draf t ,  November 1962. 
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ENVIRONMENTAL EXPOSURES 

The s e l e c t i o n  of the  environmental exposures which a r e  
t o  be applied t o  a p a r t i c u l a r  s a t e l l i t e  during i t s  tes t  
program must be made on t h e  bas i s  of a n  in t imate  knowledge 
of i t s  purpose, functioning, and l i f e  cycle.  Many exposures 
l e v e l s  and procedures which a re  meaningful i n  one app l i ca t ion  
do n o t  apply i n  others .  Many tests included i n  an environmental 
tes t  program are opera t iona l  checks (e.g. a de-spin tes t )  or 
a r e  i n  the nature  of proper ty  determinations (e.g. a moment 
of i n e r t i a  measurement) r a the r  than environmental exposures. 
These a r e  included because of the complexity of t he  f a c i l i t i e s  
involved. 

The environments w h i c h  should be considered i n  planning 
a s a t e l l i t e  tes t  program a r e  i l l u s t r a t e d  i n  Figure 4. Assurance 
must be gained of t he  a b i l i t y  of t h e  spacecraf t  t o  withstand 
a l l  of these w h i c h  a r e  appl icable  i n  a given case. Some aspec ts  
may be covered by engineering c a l c u l a t i o n ,  e. g. r a d i a t i o n  
shielding.  O t h e r  problems a r e  t r e a t e d  on a subassembly b a s i s ,  
e.g. operat ion of bear ings i n  u l t ra -h igh  vacuum. Systems tests 
are d i r e c t e d  toward those areas  i n  w h i c h  t he  i n t e r a c t i o n s  of 
subassemblies w i l l  be s t rongly  fe l t .  T h e  d i scuss ion  w h i c h  
f o l l o w s  w i l l  cover those environmental tests w h i c h  are most 
o f t e n  employed and a r e  believed t o  be of the  g r e a t e s t  s ign i f icance .  

Q u a l i f i c a t i o n  t e s t i n g  of the prototype is  d i r e c t e d  toward 
t h e  v e r i f i c a t i o n  of the soundness of t h e  system design a s  
discussed above. Therefore, th is  po r t ion  of the tes t  program 
i s  r e l a t i v e l y  broad i n  scope. Typical ly  t h e  following exposures 
a r e  included: dynamic balancing and sp in  ( i f  app l i cab le ) ,  
acce l e ra t ion ,  v ib ra t ion ,  shock, temperature, humidity, and 

I ,  thermal-vacuum. 

Acceptance t e s t i n g  of t h e  f l i g h t  u n i t s  i s  intended t o  
uncover s i g n i f i c a n t  devia t ions  of these samples from the 
q u a l i f i e d  prototype design,  c h i e f l y  i n  t h e  areas of ma te r i a l  
and workmanship, and t o  ve r i fy  tha t  t h e  p a r t i c u l a r  u n i t  i s  
s u i t a b l e  for launching. Usually v ib ra t ion ,  thermal-vacuum 
and f i n a l  balancing are t h e  only exposures employed. 
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Balance and Spin 

- -  

Dynamic balancing of a spinning s a t e l l i t e  i s  required t o  
a s su re  s t a b i l i t y  of t h e  sp in  axis.  Even f o r  a s t a b i l i z e d  
s a t e l l i t e ,  measurement of i t s  i n e r t i a l  properties and t r i m -  
balancing may be required t o  assure proper performance of 
the c o n t r o l  system. A sp in  tes t  ( f o r  a spinning s a t e l l i t e )  
is a n a t u r a l  adjunct  t o  balancing s ince  they a r e  usua l ly  
conducted on the s a m e  machine. While one th inks  of s a t e l l i t e s  
a s  opera t ing  i n  a zero-g environment, a t  600 r p m  t h e  c e n t r i p e t a l  
acce le ra t ion  amounts t o  lOg/inch away f r o m  the c e n t e r  of 
r o t a t i o n .  

Acceleration 

Acceleration tests a re  q u i t e  s t ra ightforward when the  
maximum acce le ra t ion  which the  vehic le  can  impart t o  a 
s a t e l l i t e  of a given weight i s  known. 
r a i s e d  by t h e  f a c t  tha t  most s a t e l l i t e s  are r e l a t i v e l y  long 
compared t o  the r ad ius  of ava i lab le  cent r i fuges .  One must 
then consider the s igni f icance  of t h e  acce le ra t ion  g rad ien t  
w h i c h  w i l l  e x i s t  i n  the s a t e l l i t e  under test .  A m o r e  s u b t l e  
problem a r i s e s  from the various possible combinations of 
a x i a l  and l a t e r a l  acce le ra t ions  w h i c h  may e x i s t  simultaneously. 

A major problem is  

Vibrat ion 

Vibration t e s t i n g  i s  a compromise between many f a c t o r s .  
F i r s t ,  our machines apply v ib ra t ion  i n  only one d i r e c t i o n  
a t  a t i m e  i n  c o n t r a s t  t o  the ac tua l  f l i g h t  condi t ion.  This 
r e s u l t s  i n  extended tes t  durations.  Second,, t h e  veh ic l e s  
c u r r e n t l y  i n  use i n j e c t  both rafidsm a x 5  cpasi-s inusoid-al  i npu t s  
t o  t h e  s a t e l l i t e .  Separate t e s t s  a r e  f r equen t ly  called fo r .  
Third,  t h e  f i n a l  rocket  s t age  and s a t e l l i t e  mounting may e x h i b i t  
a mechanical impedance comparable t o  t h a t  of the satel l i te .  
T e s t  l e v e l s  a r e  then conditioned by the  p r o p e r t i e s  of the 
p a r t i c u l a r  s a t e l l i t e .  Fourth, the a p p l i c a b i l i t y  of e x i s t i n g  
da ta  has been s e r i o u s l y  questioned from many quar te rs .  A 
c a r e f u l  i n - f l i g h t  measurement program for v i b r a t i o n  has been 
undertaken by GSFC i n  conjunction with i t s  s c i e n t i f i c  s a t e l l i t e  
launchings. 

There are t w o  sources of shock for  a s a t e l l i t e  system: 
handling and rocket  s taging.  Neither of these  i s  e s p e c i a l l y  
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severe  i n  most cases .  Normal ly  a s a t e l l i t e  i s  packaged with 
reasonable c a r e  to mit iga te  handling shock. Rocket s tag ing  
r a r e l y  r e s u l t s  i n  a pulse  represent ing a v e l o c i t y  change of 
m o r e  than a very few feet  per  second. Typically,  a drop 
tes t  i s  used t o  v e r i f y  r e s i s t ance  t o  shock. 

Temperature 

A temperature t es t  i s  conducted on the  prototype for 
t w o  reasons. F i r s t ,  one must a s su re  t h a t  the system w i l l  
n o t  be damaged by temperatures which w i l l  be encountered i n  
handling, s torage,  o r  t r a n s i t .  I f  a cont ro l led  environment 
is provided by exo t i c  packaging, t h i s  must be considered. 
Second, tests i n  a temperature chamber provide a f i r s t  look 
a t  performance under expected space condi t ions.  The presence 
of r a p i d l y  moving a i r ,  of course, depresses the  temperatures 
w h i c h  w i l l  be a t t a i n e d  by power d i s s i p a t i n g  elements. 
Nevertheless,  experience has shown t h e  t es t  t o  be very valuable.  

Humidity 

A r e l a t i v e l y  mild (compared t o  m i l i t a r y  s p e c i f i c a t i o n s )  
humidity exposure (3OoC w i t h  95% R H  for 24 hours) is usua l ly  
employed wi th  s a t e l l i t e s .  The tes t  i s  used t o  assure  tha t  
no permanent damage w i l l  be i n f l i c t e d  and t o  obta in  an es t imate  
of t h e  "drying" t i m e  which may be involved when the  s a t e l l i t e  
is returned t o  con t ro l l ed  condi t ions a f t e r  exposure t o  high 
humidity. Damage t o  t h e  s a t e l l i t e  o r  excessive recovery t i m e s  
r e s u l t i n g  from t h i s  t e s t  may d i c t a t e  that  p ro tec t ion  f r o m  high 
humidity be provided the s a t e l l i t e  a t  a l l  t i m e s .  

The rma 1- Vacuum 

-. 

Thermal-vacuum tes t s  attempt t o  simulate the  environment 
which t h e  s a t e l l i t e  w i l l  encounter i n  space wi th  respect t o  
temperature and pressure.  
a r e  usua l ly  considered acceptable s i n c e  a i r  conduction i s  
e s s e n t i a l l y  neg l ig ib l e  a t  t h i s  l eve l .  The s tudy of sur face  
e f f e c t s  which occur a t  much l o w e r  p ressures  (below 1x10-* mmHg) 
is n o t  a s u i t a b l e  ob jec t ive  f o r  m o s t  o v e r a l l  systems tests. 

Chamber pressures below l ~ l O - ~  mm Hg 
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, 

T e s t  Condition 

Checkout 

Vibration 

Temperature 

Vacuum 

Thermal-Vacuum 

Tota l  

The high incidence of pre- tes t  check-out f a i l u r e s  i s  ind ica t ive  
of the pace of a s a t e l l i t e  development program and the desire 
c i t e d  above t o  en te r  systems t e s t i n g  as quick ly  a s  possible .  
The f a i l u r e s  under t e s t  follow about the p a t t e r n  one would 
expect. 

(e )  GSFC bel ieves  in t e s t i n g  a f l i g h t  u n i t ,  
designated a prototype, a t  approximately 
150% of the  f l i g h t  acceptance tests. 

(d)  A f t e r  the t e s t ing  program, the system should 
remain i n t a c t  and l a s t  minute changes avoided 
l i k e  the plague ( f i r i n g  j i t ters  problem). 1'13 

I n  reviewing our weekly reports f o r  a one year period, 
we have cu l l ed  re ferences  t o  some 266 malfunctions encountered 

cj the t e s t i n g  phase on a dozen s a t e l l i t e s  and probes. 
A l l  of these would of course not result'imr- fcLLHrs- 
of the mission. It is  (very crudely) estimated t h a t  25% 
would have been i n  th i s  "d i sa s t e r "  category. 

----- 

Looking more c lose ly  a t  the  da t a  f o r  f i v e  p a r t i c u l a r  
cases, we can make the following tabula t ion :  

TABLE V 

FAILURES DURING SYSTEMS TEST 

(Summary fo r  Five Spacecraf t )  

Type of  Fa i lu re  
Electrical M e c  han i ca  1 Tota l  

1 2  6 18 

20 14 34 

3 

5 

51  3 54 

9 1  23 114 

-- 3 

5 -- 

I n t e r n a l  GSFC Memorandum dated January 2 1 ,  1963. 13 
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Simulation of the thermal environment i s  a much more 
complicated matter.  Techniques range from c o n t r o l l i n g  the  
temperature of t h e  w a l l  of the vacuum vesse l  (soak tes ts) ,  
through predic ted  temperature contour reproduction and h e a t  
f lux s imulat ion t o  f u l l  solar simulation. I n  choosing the 
technique t o  be employed i n  a given instance,  a d e t a i l e d  
knowledge of the thermal cont ro l  system is  required.  Further,  
the d i s t i n c t i o n  between running a performance test  and ve r i fy ing  
the thermal design must always be kept c l e a r l y  i n  mind. 

EXPERIENCE WITH EVALUATION PROGRAMS 
- ------- --- __--- 

-- 
-- --- - ~- 

The Goddard Space F l i g h t  Center has been responsible  
for  t h e  launching of some twenty-six s a t e l l i t e s  and space 
probes as described i n  the  attached tabulat ion.  These have 
ranged f r o m  t h e  79-pound Explorer X t o  the 458-pound Orbi t ing 
Solar Observatory. Eight of these  s a t e l l i t e s  have been t e s t e d  
in-house, the remainder have been tested by the  prime con t r ac to r  
under Goddard supervision. These programs have moulded much 
of the philosophy discussed above. 

I n  general ,  t hese  satellites have been h ighly  successful .  
They range from s i x  successful  TIROS satel l i tes  i n  s i x  
attempts t o  the h ighly  publicized f a i l u r e  of one half of the 
Relay Communications S a t e l l i t e .  (Redundancy paid o f f . )  

The quest ion now arises as t o  the  cont r ibu t ion  of t h e  
environmental t e s t i n g  program t o  these successes. I n  d iscuss ing  
the reasons f o r  Goddard's success, D r .  J. W. Townsend, Ass i s t an t  
Director f o r  Space Science and Sa te l l i t e  Applications,  has sa id :  

"The p r i n c i p a l  cornerstone of o'ilr develclpnent 
philosophy has been our b e l i e f  and r e l i a n c e  i n  a s t rong 
t e s t i n g  program. 

-. 
( a )  GSFC be l i eves  i n  the FULL SYSTEMS test  approach. 

Every reasonable attempt should be made t o  t es t  
t h e  e n t i r e  system under as r e a l i s t i c  condi t ions  
a s  poss ib le  and a s  e a r l y  i n  the development cyc le  
a s  f eas ib l e .  

(b) GSFC be l i eves  i n  100% f l i g h t  acceptance t e s t i n g  
a t  expected average f l i g h t  l e v e l s  p lus  2 sigma 
(95% l e v e l ) .  
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From another po in t  of view, we have always had much 
m o r e  d i f f i c u l t y  with prototype q u a l i f i c a t i o n  than anyone 
expected. However, we have then had much less  t rouble  w i t h  
the f l i g h t  u n i t s  than m o s t  people feared after the  prototype 
experience . 
ADEQUACY OF TEST LEVELS 

Vibrat ion 

A s  discussed earlier, there  i s  considerable  uneasiness 
----_ over the proper leVeFZZ7Sbrat ion = 

s a t e l l i t e .  In - f l i gh t  success has ind ica ted  t h a t  they a r e  
probably s u f f i c i e n t l y  high. T h e  f a i l u r e  i n  f l i g h t  of  one 
non-in-line subassembly which had f a i l e d  t o  q u a l i f y  i n  
v i b r a t i o n  b u t  which was flown anyway suggests  t h a t  the l e v e l s  
are no t  excessive. It i s  believed t h a t  the da ta  gathered by 
our i n - f l i g h t  measurements program w i l l  v e r i f y  these conclusions. 
The r e s u l t s  so f a r  t e n t a t i v e l y  i n d i c a t e  t h a t  our t es t  l e v e l s  
are somewhat l o w  a t  low frequencies w h e r e  vehic le  s t r u c t u r a l  
modes a r e  found and somewhat h igh  a t  intermediate  frequencies.  

An unexpected f a i l u r e  of one experiment probably during 
t h e  powered f l i g h t  phase of the A r i e l  I launching suggests 
t h a t  our t e s t i n g  d id  n o t  adequately cover the  combined e f f e c t s  
of acce le ra t ion  and vibrat ion.  T h i s  area of combined environments 
i s  one i n  which we feel  a c e r t a i n  weakness. 

Therma 1-Vacuum 

There are problems i n  both l e v e l  and dura t ion  of thermal- 
vacuum t e s t i n g .  

- .  

__.. - 

Recent experience, p a r t i c u l a r l y  w i t h  Explorer X I V ,  
has  ind ica ted  tha t  our a b i l i t y  t o  p r e d i c t  temperatures on the 
b a s i s  of engineering ca l cu la t ion  i s  n o t  p a r t i c u l a r l y  good for 
complicated s a t e l l i t e  geometrics. l4 
toward solar s imulat ion a s  the des i r ed  test m e t h o d .  However, 
here we  f i nd  t h e  test  equipment marginal a t  best. 

This  i s  pushing us  s t r o n g l y  

I n  the matter of t es t  durat ion,  we have t h e  quandry of 
when t o  s top  t e s t i n g .  This i s  touched on by Lloyd and Lipow15 

14 

15 

The Jet 'Propulsion Laboratory encountered a s i m i l a r  problem 
i n  t h e i r  Mariner I1 Venus fly-by. 

Lloyd & Lipow, Op. C i t . ,  Page 416 and Chapter 16. 
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i n  t h e i r  d i scuss ion  of the development of a t es t  program for  
a l i q u i d  rocket engine. 
d e s i r a b l e  t e s t  du ra t ion  and make r e l i a b i l i t y  estimates on the 
basis of many tests (-100) of s u i t a b l y  s i m i l a r  devices of the 
same design. I n  our case, we have had one s i m i l a r  device: 
the prototype. 

I n  t h i s  case,  they w e r e  ab l e  t o  project 

Experience with the more sophis t ica ted  s a t e l l i t e s  which 
we are now f l y i n g  i n d i c a t e s  we are no t  achieving the one 
year  l i f e  w h i c h  we nominally feel  is  desirable. Table V I  

We are a t t ack ing  th i s  problem on 
both the design and t e s t i n g  levels .  
that  we are inclulding t i m e r s  in  many s a t e l l i t e s  t o  shut  t h e m  
off a f t e r  one year t o  c l e a r  the  communications channels.)  

-- ~- -~ __ w s  typical performance. 
(I t  . 'nt  ar- m l 9  ---__ 

From the t e s t i n g  po in t  of view there i s  another dura t ion  
It w i l l  be recalled t h a t  our f a i l u r e  model proposes problem. 

tha t  i n i t i a l  t e s t i n g  be long enough t o  e l imina te  " infan t"  
f a u l t s .  
three s a t e l l i t e s .  
f a i l u r e s  a t  a s i g n i f i c a n t  r a t e  as  the test ends. 
the required dura t ion  of thermal-vacuum tests i s  under se r ious  
considerat ion.  

Figure 516 shows our experience i n  t h i s  regard on 
These da ta  s h o w  t h a t  we are s t i l l  having 

Extending 

UTILIZATION OF EXPERIENCE 

-. 

Currently,  the u t i l i z a t i o n  on the next  program of 
experience gained i n  the development and eva lua t ion  of a 
previous s a t e l l i t e  is  a s i g n i f i c a n t  problem. 
i n  th i s  a rea  is  l a r g e l y  caused by the fact  t h a t  t h e  s t a t e -  
of-the-art i s  progressing so r a p i d l y  that  none b u t  the m o s t  
r e c e n t  experience has appl icat ion.  The problems i n  i n s t a n t  
acqu i s i t i on ,  d i g e s t i o n  and dissemination of such information 
are obviously manifold. 
t r y i n g  t o  improve t h e  procedures and mechanisms used for t h i s  
purpose. 

The d i f f i c u l t y  

One can only say t h a t  we a r e  cons tan t ly  

Timmins, A. R. and Rosette, K. L., Experience i n  Thermal- 
Vacuum Test inq Earth Satel l i tes  a t  Goddard Space F l i q h t  
Center. (Proceedings of the I n s t i t u t e  of Environmental 
Sciences) Apr i l  1963 - ( t o  be publ ished) .  

16 



21 

k 
a *  

rl 
ul a 
rl 

h 
rl 

u) 

ai3 
c, 
-4 m 
rl 
4 .  k 

w 
+ 
!? 

.. 
2 g  
Id rn 

id uo a -4 0 !2 
H 
B w 
k4 
H 
GI 

s + 
I- 
v) 

I- 
+ * m 

+ 
(v 

+ * (v ul 
(v 

. 
CD a, 

3 
c, c 
a, 
r( 
-4 
[I] 

3 
0 m 

U 
a, 
13 

U c, 
al 4 n u 

4 

. - + CD 
(v (v 

c, k 
U 
0 

. . 
$ 

. + 
cv 

k 

I? 

H 
H 

H 9 3 
H > 

H 

k k 
a, a, 
k k 
0 0 
rl rl 

x" X 2 
k 
a, H 
k 
0 rl 
rl a, 
a, -4 
X w 2 

a k k 
k a, a, 

k k 
0 0 " E d  81 L! rl 

@ i ?  3 w w 

& 
0 

@ w !? w 



23 

SUMMARY 

In the foregoing, an attempt has been made to follow 
the rational used in establishing an environmental test 
program and to fit this program into the overall satellite 
reliability picture. Perhaps the most distinctive feature 
of a satellite test program is that stringent environmental 
tests of the actual flight units are conducted. The success 
of the approach is demonstrated by highly successful satellites 
in orbit. 

__ ~ - - ~  --_ - _- 
-_ 
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